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1
IMAGE DEINTERLACING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims priority from
French Patent Application No. 06 08101, filed Sep. 15, 2006,
the entire disclosure of which is herein incorporated by ref-
erence.

FIELD OF THE INVENTION

The present invention relates to the processing of 1images,
and more particularly to the processing of interlaced images.

BACKGROUND OF THE INVENTION

Interlacing 1s a technique for processing animated images
which 1s intended to reduce the bandwidth necessary for
transmitting a sequence of images by only transmitting half of
the information relating to each 1image.

More specifically, as a general rule, values are associated
with the pixels 1n one out of two rows of pixels in the 1mage.
In this manner, a row ol pixels with associated values for all its
pixels succeeds a row of pixels to be assigned values, and the
values to be assigned to the pixels must be determined. To
process an interlaced 1mage, it must be determined, on the
basis of the values associated with the pixels in the rows of
pixels 1 the image with values, the values to be associated
with the pixels 1n the other rows of pixels 1n the 1mage, or in
other words the rows of pixels to be assigned values.

For this purpose, a deinterlacing algorithm 1s convention-
ally applied upon receipt of an interlaced image. One such
algorithm determines the value to be associated with a pixel in
a row to be assigned values, by using the average of the values
associated with the neighboring pixels.

However, this type of algorithm 1s not suitable for a clean
reconstruction of the contours of an object 1n the image.

Another known deinterlacing algorithm, known as ELA
(for “Edge-based Line Average™), aims to improve the ren-
dering of the contours of an interlaced image. An algorithm of
this type 1s generally based on a partial path in the image to be
processed via a search window. Such a search window 1s
defined so as to be centered on a pixel for which an associated
value must be determined. Then a direction 1s determined
indicating the neighboring pixels within the search window
which are the most appropriate for interpolation in order to
determine a value to associate with the central pixel.

Thus by scanning a part of the 1image, there can be deter-
mined values to associate with all pixels of the image. U.S.
Pat. No. 7,023,487 describes such an algorithm.

However, an image obtained after applying this type of
algorithm 1s sometimes still of isuificient visual quality,
particularly when the image represents contrasting areas
which are relatively thin in shape, and also when a thin line 1s
oriented 1 a direction close to the horizontal. One of the
consequences for the viewer 1s a lack of continuity 1n the
visual rendering of the image that 1s processed 1n this way.

In addition, such an algorithm 1s dependent on the size of
the search window used to limit the direction of the contour
reconstruction: the larger the search window, the greater the
risk of an erroneous 1nterpolation. Certain methods based on
such search windows propose limiting the risks of erroneous
interpolation, but these methods remain complex and difficult
to implement.

SUMMARY OF THE INVENTION

An object of the present invention 1s to reduce these disad-
vantages.
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One embodiment of the present invention provides a
method for processing an 1image comprising R rows of pixels,

where R 1s greater than or equal to 5, and C columuns of pixels,
with a pixel being defined by an abscissa and an ordinate 1n a
pixel coordinate system for the image. The image includes
rows ol pixels with associated values 1n which the pixels have
light 1intensity values associated with them, alternating with
rows ol pixels to be assigned values 1n which the pixels are to
have light intensity values associated with them. According to
the method, in each current row of pixels with associated
values, pixels are selected that satisiy a selection rule based
on the light intensity values associated with the pixels 1n the
current row of pixels with associated values and on the light
intensity values associated with the pixels in the previous row
and/or the next row of pixels with associated values, and
segments of pixels are detected that each correspond to a
group ol selected contiguous pixels or to a selected single
pixel that 1s separate from any other selected pixels. There 1s
obtained a set of segments relative to the 1image being pro-
cessed, and a graph of segments 1s created by applying a
linking rule to connect the segments together. The respective
light intensity values to be associated with at least some of the
pixels 1n the rows to be assigned values are determined by
interpolation from the light intensity values associated with
the pixels 1n the segments of the graph forming a path in the
graph.

Another embodiment of the present invention provides an
image processing device for processing an image comprising
R rows of pixels, where R 1s greater than or equal to 5, and C
columns of pixels, with a pixel being defined by an abscissa
and an ordinate in a pixel coordinate system for the image.
The image includes rows of pixels with associated values 1n
which the pixels have light intensity values associated with
them, alternating with rows of pixels to be assigned values in
which the pixels are to have light intensity values associated
with them. The image processing device includes a detector,
a grapher, and an interpolator. The detector, 1n each current
row of pixels with associated values, selects the pixels that
satisty a selection rule based on the light mtensity values
associated with the pixels in the current row of pixels with
associated values and on the light intensity values associated
with the pixels 1n the previous row and/or the next row of
pixels with associated values, detects segments of pixels that
cach correspond to a group of selected contiguous pixels or to
a selected single pixel that 1s separate from any other selected
pixels, and obtains a set of segments relative to the image
being processed. The grapher creates a graph of segments by
applying a linking rule to connect the segments together, and
the interpolator determines the respective light intensity val-
ues to be associated with at least some of the pixels in the rows
to be assigned values by interpolation from the light intensity
values associated with the pixels 1n the segments of the graph
forming a path in the graph.

Other objects, features, and advantages of the present
invention will become apparent from the following detailed
description. It should be understood, however, that the
detailed description and specific examples, while indicating
preferred embodiments of the present invention, are given by
way of 1llustration only and various modifications may natu-
rally be performed without deviating from the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates an 1image of pixels 1n a pixel coordinate
system according to one embodiment of the present inven-
tion,
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FIG. 2 1llustrates an 1image processing method according to
one embodiment of the present invention,

FI1G. 3 illustrates an image processing device that applies a
method according to an embodiment of the present invention
in a deinterlacing process,

FIG. 4 illustrates an exemplary set of segments obtained
according to an 1mage processing method of one embodiment
of the present 1nvention,

FIGS. 5, 6 and 7 illustrate the construction of a graph
according to one embodiment of the present invention,

FIG. 8 illustrates the interpolation of pixel values accord-
ing to one embodiment of the present invention,

FI1G. 9 illustrates this interpolation 1n the context of FIGS.
5-7, and

FIG. 10 1llustrates a supplemental interpolation process
according to one embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described in detail hereinbelow with reference to the attached
drawings.

Embodiments of the present invention provide methods for
processing an image 1n at least a first and a second dimension,
comprising R rows of pixels, where R 1s anumber greater than
or equal to 5, and C columns of pixels, with a pixel defined by
an abscissa and an ordinate 1n a pixel coordinate system for
the 1mage. The 1image has rows of pixels with associated
values 1n which the pixels have light intensity values associ-
ated with them, alternating with rows of pixels to be assigned
values 1n which the pixels are to have light intensity values
associated with them. According to the method of one
embodiment, 1 each current row of pixels with associated
values, there are selected the pixels which satisiy a selection
rule based on the light intensity values associated with the
pixels 1n the current row of pixels with associated values, as
well as on the light intensity values associated with the pixels
in the previous row of pixels with associated values and/or the
next row of pixels with associated values in the 1mage; and
segments of pixels are detected, with each segment corre-
sponding to a group of selected contiguous pixels or to a
selected single pixel separate from any other selected pixels.
There 1s obtained a set of segments relative to the 1image
currently being processed, and in the set of segments a graph
of segments 1s created by applying a linking rule to connect
the segments together. There are determined the light inten-
sity values to be associated with at least some of the pixels 1n
the rows to be assigned values, by interpolation from the light
intensity values associated with the pixels 1n the segments of
the graph forming a path 1n the graph.

Thus, by applying an appropriate selection rule, 1t 1s pos-
sible to determine zones 1n the 1mage where the quality may
be msuilicient, particularly when thin lines are present. Based
on the light intensity values for the pixels in three rows of
pixels with associated values, which are the current row of
pixels with associated values as well as the previous row of
pixels with associated values and the next row of pixels with
associated values, 1t 1s possible to determine the zones 1n the
image which are thin and contrasting.

Then the information obtained 1s transierred into a graph
coordinate system, so as to obtain the light intensity values for
the pixels to be included in an interpolation and thus the
respective light intensity values to be associated with the
pixels 1n the row to be assigned values.

Such measures improve the determination of pixel values
in zones where the quality may appear insuilicient, in a simple
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manner which avoids the disadvantages of methods based on
mampulation of a search window.

In one embodiment of the present invention, the selection
rule aims to determine the zones 1n the 1mage corresponding
to a thin and contrasting edge.

For this purpose, there can be determined maximum and
minimum light intensities, or light intensities, 1n the vertical
direction of the image.

The selection rule of this embodiment thus can select pixels
corresponding to maximum light intensities. For example, the
pixel selection rule can select pixels for which the associated
value exceeds the maximum value 1n a set of values compris-
ing a first value corresponding to the sum of a first threshold
value plus the value associated with the pixel in the same
column 1n the previous row of pixels with associated values,
and a second value corresponding to the sum of a second
threshold value plus the value associated with the pixel in the
same column 1n the next row of pixels with associated values.

In some embodiments of the present invention, this selec-
tion rule can select pixels corresponding to minimum inten-
sities.

For example, the pixel selection rule can select pixels for
which the associated value 1s less than a minimum value from
a set of values comprising a first value corresponding to the
difference between the value associated with the pixel 1n the
same column 1n the previous row of pixels with associated
values and a first threshold value, and a second value corre-
sponding to the difference between the value associated with
the pixel 1n the same column 1n the next row of pixels with
associated values and a second threshold value.

In one embodiment of the present invention, the linking
rule for creating a graph of segments links a first segment (S1)
and a second segment (S2) 1f the following equation 1s true:

D(Sl,SZ){mm (L 1 +drkreshmfd1Lz-l_drhreskafd)!

where D(S1, S2) corresponds to the Fuclidean distance
between the closest end points of the first and second seg-
ments, .1 and L2 correspond to the respective lengths of the
first and second segments, and d , corresponds to a
threshold value for the distance.

A graph simplification rule can advantageously be applied
between creating the graph of segments and determining the
light intensity values.

For example, the graph simplification rule can comprise
climinating two outgoing connections of a segment when the
outgoing connections are located on the same side of the
segment.

The simplification rule can also comprise eliminating an
outgoing connection from a segment when the outgoing con-
nection 1s located on the same side of the segment as an
Incoming connection.

In one embodiment of the present invention, the determi-
nation of the light intensity values 1s achieved by traveling the
graph and determining a first segment and a second segment
of the graph which are located in the first and second succes-
stve rows of pixels with values already assigned 1n the image;
determining the length of a segment to be interpolated, on the
basis of the first and second segments, 1n the row of pixels to
be assigned values located between the first and second row of
pixels with values already assigned; and determining the
respective values to be associated with the pixels 1n the seg-
ment to be interpolated by respective iterpolations of the
light intensity values associated with the pixels 1n the first and
second segments.

threshol
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In this case, the ordinate Y ... . for the starting pixel and
the ordinate Y __ .. . for the ending pixel in the segment to be
interpolated can be determined using the following equa-
tions:

Ysmrﬂ — Ysmrz‘l

2

staﬂ.’nr — Ysmﬁ‘l + ‘ and

Yend2 — Yendl ‘
2

andfﬂr — Yfﬂdl +

whereY _ ..Y_. .Y _ . andY_ ., arethe respective ordi-

nates for the starting and ending pixels of the first and second
segments.

The light intensity value determined by interpolating a
pixel P(1,1) 1in the segment to be interpolated in the row 1 to be
assigned values can then satisty the following equation:

val(P(i, j)) =

b 11, Y+ 52 L1 oo 22

fnt fnt

whereji1s betweenY , .. andY _ .. . the function E returns
the integer closest to the number passed as an argument, and
L, .1s the length of the segment to be interpolated 1n the row
1 of pixels to be assigned values.

It 1s also possible to interpolate p pixels preceding the
segment to be interpolated and s pixels following the segment
to be interpolated, on the basis of the values of the p pixels
preceding the first and second segments and the s pixels
tollowing the first and second segments in the rows of pixels
with associated values 1n the first and second segments
respectively.

In this manner, 1t 1s advantageously possible to smooth the
visual rendering of the image 1n the area of the interpolation
previously performed.

The present invention also provides an 1mage processing,
device that implements such an 1image processing method.

The present invention further provides a computer readable
medium encoded with a computer program comprising
istructions for implementing such an i1mage processing
method when the computer program 1s executed by a com-
puter system or an 1mage processing device.

Exemplary embodiments of the present invention will now
be described 1n detail with reference to FIGS. 1-10. The
present 1nvention 1s described below as it applies to two-
dimensional 1images. However, there 1s no limitation to the
dimensions of the image that can be processed by a method
according to an embodiment of the present invention. From
the following description, one of ordinary skill in the art can
casily apply such an image processing method to 1mages
having more than two dimensions.

In addition, the present invention 1s not limited with respect
to the encoding used for the mnformation associated with a
pixel. No matter what encoding 1s used, the light intensity
value associated with a pixel 1s what 1s considered (meaning,
the light intensity associated with the pixel). This light inten-
sity information 1s available regardless of the video encoding
that 1s used.

FI1G. 1 illustrates an image 100 according to one embodi-
ment of the present invention, 1n which the position of a pixel
P(1,1) 1s defined by 1ts coordinates 1n a system with a vertical
axis ol abscissas X and a horizontal axis of ordinates Y for a

two-dimensional 1mage.
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The present mvention 1s described below as 1t applies to
interlaced images which successively alternate a row of pixels
with associated values and a row of pixels to be assigned
values. One of ordinary skill in the art can easily apply the
principles of the present invention to other formats, with for
example a different percentage of rows of pixels with associ-
ated values relative to the rows of pixels to be assigned values,
or a pixel format 1n which the columns of pixels with associ-
ated values alternate with columns of pixels to be assigned
values.

The term “row of pixels with associated values” means a
row of pixels for which respective values are associated with
the pixels 1n the row 1n question. The term “row of pixels to be
assigned values” means a row of pixels for which the respec-
tive values are to be determined and associated with the pixels
in the row 1n question.

In the example discussed below, the rows of pixel with an
even mdex in the image 100 are the rows of pixels with
associated values, and the rows of pixels with an odd index are
the rows of pixels to be assigned values.

FI1G. 2 illustrates an 1image processing method according to
one embodiment of the present invention.

In step 201, the image 100 1s scanned by rows of pixels. For
cach row of pixels with associated values, meaning each row
with an even 1index 1n this example, pixels are selected by
applying a pixel selection rule which 1s partly based on the
values for the pixels 1n the current row with associated values,
and partly on the values for the pixels 1n the previous row with
associated values and/or the values for the pixels 1n the next
row with associated values. When the current row with asso-
ciated values has a previous and a next row with associated
values, the values associated with them are preferably taken
into account. When this 1s notthe case, for example 1n the first
or last row with associated values in the 1mage, only the
values associated with the available row are included 1n this
embodiment.

In this embodiment of the present invention, such a selec-
tion rule 1s applied by selecting a pixel 1n the current row of
pixels with associated values, as a function of the value of the
pixel 1n the same column 1n the previous row of pixels with
associated values and the value of the pixel in the same
column 1n the next row of pixels with associated values.

The quality of the image being processed can be corrected,
for the maximum and/or minimum light intensities presented
by a relatively thin shape. These criteria correspond to the
parts of the image which are likely to be poorly rendered.

In such case, there should be determined the areas of con-
trasting brightness which are thin 1n shape.

The selection rule for the maximum light intensities can,
for example, select the pixels P(i,7) 1in the current row 1 of
pixels with associated light intensity values for which the
associated values satisty the following equation:

val(P(1,)) >_M:al,}r;(‘wal,l(P‘(i—2,,j)+T1,;‘r».f:;:l,l(P'(i+2,,j))+T2)

where the current row 1 1s a row ol pixels with associated
values, and T1 and T2 correspond to contrast threshold val-
ues.

In this exemplary embodiment of the present invention, the
values T1 and T2 are identical and are equal to a value of
about 16, expressed 1n luminance.

Then all columns of the row of index 1 are examined. The
method then advances to the next row with associated values,
which 1s the row of index 142, and the same process 1s per-
formed.
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At the end of this phase of examining the 1image, a set of
pixels which meets the selection rule has been determined,
meaning 1n this case that they represent the maximum inten-
sities 1n the vertical direction.

The selection rule can also selection the pixels which
present minimum light intensities 1n the vertical direction.
For this purpose, one can select the pixels P(1,7) 1n the current
row of index 1 of pixels with associated values, 11 the light
intensity value which 1s associated with them satisfies the
following equation:

val(P(i,j) “Min(val(P(i=2,j}=T"1;val(P(i+2,)))=T'2)

Then segment detection 1s performed by grouping, by rows
of pixels with associated values, the contiguous pixels which
were selected. The selected pixels which are disjoint from
other pixels form a segment of one pixel, meaning a segment
with a length of 1.

Then 1n step 202, there 1s a change from the pixel coordi-
nate system described above to a segment coordinate system,
which 1s then used to create a graph of segments. More
specifically, each segment 1s 1dentified 1n this segment coor-
dinate system by coordinates which represent the index of the
row of pixels with associated values to which it belongs and
the ordinate of the first pixel 1n it. It 1s also 1dentified by its
length. A graph of segments i1s then created, defining a
directed path through the segments.

Next, 1n step 203, interpolation 1s applied by traveling
through the graph and interpolating segments in the rows of
pixels to be assigned values which are located between two
consecutive segments in the graph. In this manner there are
obtained light intensity values to associate with the pixels 1n
the segments to be interpolated on the basis of the light
intensity values associated with the pixels 1n the graph seg-
ments which “bracket” the segment to be mterpolated.

FI1G. 3 illustrates an image processing device that applies a
method according to one embodiment of the present mven-
tion 1n a deinterlacing process.

Some values to be associated with the pixels 1n the rows to
be assigned values 1n the image 100 are determined by apply-
ing the method according to this embodiment of the present
invention, and the other values to be associated with the other
pixels 1n the rows to be assigned values are determined by
applying a well known algorithm.

In this context, the data concerming the image 100 enter via
the mput 300. The data 1s then processed by applying the
method according to this embodiment of the present mven-
tion, during which a segment detector 301 detects segments in
the1image, a grapher 302 builds a graph of these segments, and
then an interpolator 303 performs an interpolation of the
values 1n correspondence with the graph. The data 1s also
processed by a deinterlacer 305 that applying a known dein-
terlacing process.

Then at output 306 there are associated the determined
values with their respective corresponding pixels using the
method of this embodiment of the present invention, and also
there are associated the values determined by applying the
known deinterlacing process to the other pixels 1n the pro-
cessed 1mage 100.

The following 1s an exemplary description of applying the
present invention to maximum light intensities. However, the
present invention 1s not so limited. For example, 1t 1s easy to
deduce from this how to apply a selection rule which selects
pixels with mimmum light intensities.

When the pixel selection 1s performed 1n all rows with
assigned values in the 1mage, the corresponding segments are
detected 1n step 201. In this context, a segment consists of
pixels selected from the same row that are contiguous. In
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addition, an 1solated selected pixel 1n a row with associated
values, meaning a selected pixel which has no neighbors, also
forms a segment. Through this detection of segments in the
image, one can advance from a pixel coordinate system to a
segment coordinate system.

For this purpose, a segment detected 1n this manner can be
identified by 1ts coordinates, which can for example be the
index of the row 1n which the segment 1s found and the index
of the starting column of the segment. Also assigned to such
a segment, 1n addition to i1ts coordinates, 1s a length which can
be expressed as the number of pixels contained 1n the segment
in question. Also assigned to the segment 1s a type 1dentifier,
which 1s either a “maximum” type 1dentifier or a “minimum’”™
type 1dentifier in this example. Such a segment S 1s 1llustrated
in FIG. 1. This segment S has coordinates (1, 1), a length of 3,
and a maximum type for example.

FIG. 4 1llustrates an exemplary set of segments obtained
according to an 1mage processing method of one embodiment
ol the present invention from five rows with an index between
1-2 and 1+2. The rows of index 1-2, 1 and 1+ 2 are rows ol pixels
with values already assigned. Segments S41 and S42 were
detected 1n the row of index 1-2, segments S43 and S44 were
detected 1n the row of index 1, and segments S45, S46 and S47
were detected 1n the row of index 1+2.

FIGS. 5, 6 and 7 illustrate the construction and simplifica-
tion of a segment graph in accordance with one embodiment
of the present invention. In the present example, one or more
connected graphs of maximums are obtained.

A detected segment potentially has at most six direct neigh-
bors of the same type, 1n the sense of the present invention, in
the rows of index 1-2, 1, and 1+2. It can have three neighbors
on one side and three neighbors on the other. FIG. 5 1llustrates
the possible neighbors of segment S43 1n the example 1llus-
trated 1n FIG. 4. Thus, segment S43 has as neighbor segments
S41, S42, S44, S45, and S46.

To build the graph of segments 1n this embodiment of the
present ivention, those neighbors are included which are
closest 1n the sense of the Euclidian distance calculated
between the closest ends of the two segments in question. By
connecting segment S43 to 1ts closest neighbors, a graph 1s
built as 1llustrated 1n FIG. 6. When segment S43 1s at an equal
distance from the two closest segments, these two segments
are connected to S43. Such 1s the case for segments S41 and
S45.

In one construction of a graph according to this embodi-
ment of the present invention, the links between the different
segments are bi-directional.

A threshold valued,, .., ., can beused to avoid connecting
two segments which are too far apart and to provide a reliable
determination of values by interpolation.

Thus a condition can be introduced which checks the dis-
tance between two segments S1 and S2 according to the
equation:

D(Sl,SZ)*«“imm (L 1 +drhr€5hafd1Lz_l_dfhreshafd)

where L1 and L2 are the respective lengths of segments S1
and S2.

In this embodiment of the present mvention, the value
d, .....,18 equal to 2 pixels.

It 1s possible to store 1n the segment 1tself 1ts links with 1ts
closest neighbors as defined above, 1n the form of pointers to
the closest neighbors.

In general, because of the very nature of local extrema
which relate to a thin structure 1n the 1mage, a segment has at
most four closest neighbors, two on each side, as illustrated in

FIG. 6.
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FI1G. 7 illustrates the graph 1n FIG. 6 after simplification. In
this embodiment of the present invention, the graph obtained
alter finding the closest segments as described above 1s sim-
plified by applying a known graph traversing algorithm.

This simplification preferably eliminates certain links and
can then result in multiple subgraphs.

For this purpose 1t 1s possible, for example, to delete links
s0 as to give preference to subgraphs with a predominant
direction. It 1s also preferable to delete links which were
created erroneously.

Graphs containing only one segment or multiple segments
in a single row are preferably deleted. A segment can be
connected to another segment by six different directions,
which can be identified as the directions Northwest, West,
Southwest, Northeast, East, and Southeast. When traveling a
graph depth-first, the direction of entry corresponds to the
direction from which the segment 1s accessed, and therefore
the starting segment for the graph has no associated direction
of entry. Then the directions of exit correspond to all links of
the segment except the direction of entry.

In this context, the graph simplification according to this
embodiment of the present invention includes applying a first
simplification rule consisting of deleting two outgoing links
when they are situated on the same side of the segment in
question.

This first simplification rule avoids incorrectly linking
potentially different structures, meaning subgraphs of the
graph currently being simplified.

The graph simplification according to this embodiment of
the present invention also includes applying a second simpli-
fication rule which consists of deleting an outgoing link when
it 1s located on the same side as the incoming link for a given
segment.

This second simplification rule allows retaining only thin
structures and not structures which zigzag.

The subgraphs obtained at the end of this graph simplifi-
cation correspond to trees with a single branch. Long recti-
linear or curving structures can be formed 1n this way.

It 1s possible to apply any rule which simplifies the graph
and 1increases the reliability of the values obtained when
performing the subsequent interpolation. In particular, a
welghting coellicient can be assigned to the different links.
Such a coellicient could be determined, for example, on the
basis of a mean light intensity value of the segments.

FIG. 8 illustrates interpolation of the values of pixels
according to this embodiment of the present invention. This
interpolation culminates in the determination of the values to
be associated with at least a some of the pixels 1in the rows of
pixels to be assigned values.

In this embodiment of the present invention, this mterpo-
lation occurs 1n a forward pass, meamng from west to east 1n
cach branch of the subgraphs obtained after the graph simpli-
fication.

Two segments, S1 1 row 1-1 and S2 1 row 1+1, with
respective lengths of L1 and .2, are connected 1n a subgraph.
Segment S1 has a start ordinate oY _, ., and an end ordinate
ofY_, ,,. Segment S2 has a start ordinate Y_,___, and an end
ordinate of Y _,_ ;.

By interpolation from the values of the pixels 1n these two
segments, values are obtained to associate with a segment to

be interpolated Sint in the row of pixels of index 1, which 1s a
row of pixels to be assigned values. This segment Sint has
start and end ordmnates of Y_, . andY_ .. . respectively,
which satisty the following equations:
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Ys:‘an‘Z — Ys:‘m‘rl

2

‘and

Ys:‘aﬁ.’nr — Ys:‘arz‘l +

Yend2 — Yendl ‘
2

andfnr — Yendl +

Then the respective values to associate with the different
pixels 1n the segment to be interpolated 1n row 1 are deter-
mined by applying the following equation:

val(P(i, j)) =

%ml(P(f =1, Ysam1 + E( j:il m + %va!(P(f + 1. Ystarz + E(jx = m

where j is betweenY _, .., . and Y*"“" (the ordinates for the
pixels located at the ends of the segment to be interpolated),
the function E returns the integer closest to 1ts argument, and
where L, . 1s the length of the segment to be interpolated 1n the
row of index 1 to be assigned values.

L., . therefore satisfies the following equation:

Fi

Lfnr 1 onding Ifsfaﬂfnr-l- 1

FIG. 9 illustrates the segments interpolated in the context
of FIGS. 5-7 by applying the interpolation described above
with reference to FIG. 8. In this manner there are obtained the
respective values to associate with the pixels in the segments
91 on the basis of an interpolation from the values of the
pixels 1n segments S41 and S43, the respective values to
associate with the pixels 1n the segments 92 on the basis of an
interpolation from the values of the pixels in segments S43
and S43, and the respective values to associate with the pixels
in the segments 93 on the basis of an interpolation from the
values of the pixels 1n segments S42 and S44.

FIG. 10 illustrates an additional interpolation process
according to one embodiment of the present mvention. In
order to guarantee better continuity of the values of pixels 1n
proximity to the thin contrasting zones as detected and cor-
rected by the above interpolation, the interpolation as
described above can be reapplied 1n an additional interpola-
tion process to a certain number of pixels which precede and
follow the segment to which an interpolation has just been
applied as 1llustrated 1n FIG. 8 and described with reference to
this figure 1n a previous section.

While there has been 1llustrated and described what are
presently considered to be the preferred embodiments of the
present invention, 1t will be understood by those skilled in the
art that various other modifications may be made, and equiva-
lents may be substituted, without departing from the true
scope of the present invention. Additionally, many modifica-
tions may be made to adapt a particular situation to the teach-
ings ol the present invention without departing from the cen-
tral nventive concept described herein. Furthermore, an
embodiment of the present mnvention may not include all of
the features described above. Therefore, 1t 1s intended that the
present mvention not be limited to the particular embodi-
ments disclosed, but that the invention include all embodi-
ments falling within the scope of the appended claims.

What 1s claimed 1s:

1. A method for processing an 1mage 1n at least first and
second dimensions, the 1mage comprising R rows of pixels,
where R 1s greater than or equal to 5, and C columuns of pixels,
with a pixel being defined by an abscissa and an ordinate 1n a
pixel coordinate system for the image, the image comprising
rows of pixels with associated values in which the pixels have



US 7,991,246 B2

11

light 1intensity values associated with them, alternating with
rows of pixels to be assigned values 1n which the pixels are to
have light intensity values associated with them, the method
comprising the steps of:

in each current row of pixels with associated values:
selecting the pixels that satisiy a selection rule based on

the light intensity values associated with the pixels 1in
the current row of pixels with associated values, and
on at least one of the light intensity values associated
with the pixels i the previous row of pixels with
associated values and the next row of pixels with
associated values, and
detecting segments of pixels, each of the segments cor-
responding to a group of selected contiguous pixels or
to a selected single pixel that 1s separate from any
other selected pixels;

obtaining a set of segments relative to the 1mage being
processed;

in the set of segments, creating a graph of segments by
applying a linking rule to connect the segments together;
and

determining the respective light intensity values to be asso-
ciated with at least some of the pixels in the rows to be
assigned values by interpolation from the light intensity
values associated with the pixels 1n the segments of the
graph forming a path in the graph.

2. The method according to claim 1, wherein the selection
rule selects pixels corresponding to maximum light imntensi-
ties.

3. The method according to claim 2, wherein the pixel
selection rule selects a pixel which has an associated light
intensity value which i1s greater than the maximum value
within a set of values comprising;:

a first value corresponding to the sum of a first threshold
value and the light intensity value associated with a pixel
belonging to the same column of pixels as the current
pixel and to the row of pixels with associated values
which precedes the row with associated values of the
current pixel, and

a second value corresponding to the sum of a second
threshold value and the light intensity value associated
with a pixel belonging to the same column of pixels as
the current pixel and to the row of pixels with associated
values which follows the row with associated values of
the current pixel.

4. The method according to claim 1, wherein the selection
rule selects pixels corresponding to minimum light 1mtensi-
ties.

5. The method according to claim 4, wherein the pixel
selection rule selects a pixel which has an associated light
intensity value which is less than the minimum value within a
set of values comprising:

a first value corresponding to the difference between the
light intensity value associated with a pixel belonging to
the same column of pixels as the current pixel and to the
row of pixels with associated values which precedes the
row with associated values of the current pixel, and a
first threshold value, and

a second value corresponding to the difference between the
light intensity value associated with a pixel belonging to

the same column of pixels as the current pixel and to the
row of pixels with associated values which follows the
row with associated values of the current pixel, and a
second threshold value.
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6. The method according to claim 1, wherein the linking
rule links a first segment S1 and a second segment S2 11 the
following equation 1s satisiied:

D(S].,SZ){IHIH (L]‘ +drkr€5hafdJL2+dfh?‘€shﬂf¢i")

where D(51,S2) corresponds to the Euclidian distance
between the closest ends of the first and second seg-
ments,

L1 and L2 correspond to the respective lengths of the first

and second segments, and

d, ... ., corresponds to a threshold value for the distance.

7. The method according to claim 1, further comprising the
step of applying a graph simplification rule after the creating
step and before the determining step.

8. The method according to claim 7, wherein the graph
simplification rule comprises deleting two outgoing links
from a segment when the two outgoing links are located on
the same side of the segment.

9. The method according to claim 7, wherein the graph
simplification rule comprises deleting an outgoing link from
a segment when the outgoing link 1s located on the same side
of the segment as an incoming link.

10. The method according to claim 1, wherein the deter-
mining step comprises the sub-steps of:

traveling the graph and determiming a first segment S1 and

a second segment S2 of the graph which are located 1n
the first and second successive rows of pixels with
assigned values 1n the 1mage;

determiming the length of a segment to be interpolated Sint

on the basis of the first and second segments, in the row
of pixels to be assigned values which 1s located between
the first and second rows of pixels with associated val-
ues; and

determining values to be associated with the pixels 1n the

segment to be interpolated by interpolations of the light
intensity values associated with the pixels 1n the first and
second segments.

11. The method according to claam 10, wherein in the
sub-step of determining the length of the segment to be inter-
polated, the ordmate Y, .. . for the starting pixel and the
ordinate Y _,_ .. . for the ending pixel of the segment to be
interpolated Sint are determined by applying the equations:

Ysz‘mﬂ - Ysmn‘l

2

‘and

staﬁ.’nr — Ysmrz‘l +

Yend2 — Y endl ‘
2

andfnl‘ — andl +

whereY_, .Y ., Y__,andY_ ., are the respective

ordinates for the start and end pixels of the first and
second segments S1 and S2.

12. The method according to claim 11, wherein the light

intensity value determined by interpolation of a pixel P(1,1) in

the segment to be interpolated in the row of index 1 to be

assigned values satisfies the equation:

val(P(i, j)) =

val{P{i=1. Yaurs + [ LL )+ 5va(P(i+ 1. Yoara + £ f;f )

where j1s betweenY_, . andY_ .. .
the function E returns the integer closest to the number
passed as an argument,
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val(P(1,1)) 1s the light intensity value associated with pixel

P(1,1), and
L, .1s the length of the segment to be 1nterpolated in the
row of imndex 1 of pixels to be assigned values.

13. The method according to claim 10, wherein p pixels
preceding the segment to be interpolated and s pixels follow-
ing the segment to be interpolated are also interpolated on the
basis of the values of the p pixels preceding the first and
second segments and the s pixels following the first and
second segments 1n the rows of pixels with values already
assigned of the first and second segments respectively.

14. An 1image processing device for processing an 1mage,
the 1mage comprising R rows of pixels, where R 1s greater
than or equal to 5, and C columns of pixels, with a pixel being,
defined by an abscissa and an ordinate 1n a pixel coordinate
system for the image, the 1mage comprising rows of pixels
with associated values in which the pixels have light intensity
values associated with them, alternating with rows of pixels to
be assigned values 1n which the pixels are to have light inten-
sity values associated with them, the image processing device
comprising:

a detector for, 1n each current row of pixels with associated

values:
selecting the pixels that satisiy a selection rule based on
the light intensity values associated with the pixels 1n
the current row of pixels with associated values, and
on at least one of the light intensity values associated
with the pixels i the previous row of pixels with
associated values and the next row of pixels with
associated values,
detecting segments of pixels, each of the segments cor-
responding to a group of selected contiguous pixels or
to a selected single pixel that 1s separate from any
other selected pixels, and
obtaining a set of segments relative to the 1image being
processed;

a grapher for creating a graph of segments by applying a

linking rule to connect the segments together; and

an interpolator for determining the respective light inten-

sity values to be associated with at least some of the
pixels 1n the rows to be assigned values by mterpolation
from the light intensity values associated with the pixels
in the segments of the graph forming a path in the graph.

15. The 1mage processing device according to claim 14,
wherein the selection rule selects pixels corresponding to at
least one of maximum light intensities and mimmum light
intensities.

16. The 1image processing device according to claim 14,
wherein the interpolator:

travels the graph and determining a first segment S1 and a

second segment S2 of the graph which are located 1n the
first and second successive rows of pixels with assigned
values 1n the image,

determines the length of a segment to be interpolated Sint

on the basis of the first and second segments, 1n the row
ol pixels to be assigned values which 1s located between
the first and second rows of pixels with associated val-
ues, and
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determines values to be associated with the pixels 1n the
segment to be interpolated by interpolations of the light
intensity values associated with the pixels 1n the first and
second segments.

17. A non-transitory computer readable medium encoded
with a computer program for processing an image in at least
first and second dimensions, the image comprising R rows of
pixels, where R 1s greater than or equal to 3, and C columns of
pixels, with a pixel being defined by an abscissa and an
ordinate in a pixel coordinate system for the image, the image
comprising rows of pixels with associated values 1n which the
pixels have light intensity values associated with them, alter-
nating with rows of pixels to be assigned values 1n which the
pixels are to have light intensity values associated with them,
the computer program comprising instructions for:

in each current row of pixels with associated values:

selecting the pixels that satisfy a selection rule based on
the light intensity values associated with the pixels 1n
the current row of pixels with associated values, and
on at least one of the light intensity values associated
with the pixels 1 the previous row of pixels with
associated values and the next row of pixels with
associated values, and
detecting segments of pixels, each of the segments cor-
responding to a group of selected contiguous pixels or
to a selected single pixel that 1s separate from any
other selected pixels;

obtaining a set of segments relative to the 1image being

processed;

in the set of segments, creating a graph of segments by

applying a linking rule to connect the segments together;
and

determining the respective light intensity values to be asso-

ciated with at least some of the pixels in the rows to be
assigned values by 1nterpolation from the light intensity
values associated with the pixels 1n the segments of the
graph forming a path in the graph.

18. The non-transitory computer readable medium accord-
ing to claim 17, wherein the selection rule selects pixels
corresponding to maximum light intensities.

19. The non-transitory computer readable medium accord-
ing to claim 17, wherein the determining of the respective
light intensity values to be associated with at least some of the
pixels 1n the rows to be assigned values comprises:

traveling the graph and determiming a first segment S1 and

a second segment S2 of the graph which are located 1n
the first and second successive rows ol pixels with
assigned values 1n the image;

determining the length of a segment to be interpolated Sint

on the basis of the first and second segments, 1n the row
of pixels to be assigned values which 1s located between
the first and second rows of pixels with associated val-
ues; and

determiming values to be associated with the pixels in the

segment to be interpolated by interpolations of the light
intensity values associated with the pixels in the first and
second segments.
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